In recent years it has become increasingly evident that a depletion of body potassium may occur in a number of conditions. The relationship of a fall in the serum potassium to the attacks of -familial periodic paralysis is well known. Potassium deficiency has also been found in infantile diarrhoea, intestinal obstruction with vomiting, sprue, renal insufficiency, diabetic coma, Addison's disease with overdosage of desoxycorticosterone acetate, and in patients in whom the potassium intake has been low over a long period. Abnormalities in the electrocardiogram have been reported in each of the above conditions when the serum potassium has been at a low level. These abnormalities have been found mainly in the S-T segment, the T wave, and the Q-T interval. Electrocardiograms of three cases with low serum potassium are presented in this paper; in two of them it remained low over long periods and many tracings were obtained, PROCEDURE All the serum potassium estimations were made by a modification of the method of Kramer and Tisdall(Jacobs and Hoffman, 193 1)using a photo-electric absorptiometer for-evaluationof the colour. Special precautions were taken to prevent hlmolysis on withdrawal of the blood and the serum was removed within two hours of collection. The accuracy of the method, using duplicate estimations, was found to be ±0 5 mg. per 100 ml. Normal values by this method lie between 16 and 20 mg. per 100 ml. of serum.
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1 -t * --t v t v t F t t t -t + t* -*1* t '*t *---t -' ' t ' f ' -T - :1 L group.bmj.com on April 15, 2017 -Published by http://heart.bmj.com/ Downloaded from S-T segment.. Both the degree of the abnormalities and the number of leads in which they are seen, increase in proportion to the fall of the serum potassium; The electrocardiograms are normal in all other respects.
The corrected Q-T interval has a range from 0402 to 0-426 sec. The slight variations in the Q-T interval are unrelated to the level of the serum potassium. Abnormalities are present in the electrocardiograms of this case even when the serum potassium is within the usually accepted limits of normal. The abnormalities in the electrocardiogram could be corrected temporarily by giving potassium chloride intravenously (Fig. 2 ).
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-7 J. physical signs in any system. The blood ptessure was 120/70. Radiological examination of the heart and lungs was normal. The blood chemistry values per 100 ml. of serum were: sodium 311 mg., potassium 16-1 mg., chlorides (as sodium chloride) 555 mg., calcium 8'4 mg., and phosphorus 4-6 mg. Two subsequent serum potassium determinations showed levels of 12-9 and 18-0 mg. per 100 ml.
Electrocardiograms (Fig. 3 ). As the serum potassium level falls there is some decrease in the amplitude of the T wave in the chest leads. However, the T wave and all other parts of the tracing are within normal limits. The duration of the corrected Q-T interval is almost constant throughout.
Case 3. Woman, aged 45 years. A case of ulcerative colitis of more than twenty years duration. The right kidney had been removed for an abscess ten years previously. She was admitted because of increasing severity of her bowel condition. The patient was thin, but there were no abnormal physical signs to be found in any system. The blood pressure wts 10/70. An X-ray of the chest showed a normal, small heart and clear lung fields. The renal futiction tests were normal. Blood chemistry values per 100 ml. of serum were: sodium 304 mg., potassium 11 1 mg., chlorides (as sodium chloride) 590 mg., calcium 116 mg., and phosphorus 3-7 mg. Subsequent determinations showed no significant change from normal other than in the serum potassium.
The diarrhoea was unremitting for the next twelve months and during this time the patient was liable to attacks of severe muscular weakness which coincided with vory low serum potassium levels.
These attacks were relieved by giving potassium chloride by mouth. Throughout the whole of this time the serum potassium remained at an abnormally low level unless the patient was given potassium.
Electrocardiograms. A series of cardiograms was obtained on this patient at 27 different levels of the serum potassium. The range was from 21-0 to 6-3 mg. per 100 ml. (Fig 4 and 5) . In this series, all tracings at levels above 11-9 mg. per 100 ml. are within normal limits. At and below this level they show a depressed S-T segment, an abnormally low or inverted T wave and a large U wave (Fig. 4C ). Both the degree of the abnormalities and the number of leads in which they are present, increase in proportion to the fall of the serum potassium. At the lowest serum potassium levels, a characteristic undulating tracing is produced by the deep depression of the S-T segment, the flat or inverted T wave, and the grossly high and wide U wave (Fig. 5) .
In some of the tracings at the lowest serum potassium levels, the height of the P wave in lead II is greater than 2-5 mm. and the duration of the QRS complex is at the upper limit of normal. The corrected Q-T interval has a range from 0-402 to 0-442 sec. Its variations are unrelated to the level of the serum potassium. It is of interest to follow the changes that occur in the T wave and the U wave as the serum potassium falls. These changes are most clearly seen in lead V3 (Fig. 6) . The T wave steadily decreases in amplitude, becomes flat and then inverted. Concurrently, the U wave increases in height and width and encroaches upon the T wave. Difficulty may arise in the interpretation of the tracing when the T wave is flat and the U wave is high. Here, the U wave may easily be mistaken for an upright T wave associated with a prolonged Q-T interval (Fig. 5  and 6 ). The true nature of this U wave is usually revealed by the presence of an upright or inverted T wave preceding it in one of the other leads (Fig. 5) .
It was found that all the abnormalities in the cardiogram could be corrected within one hour by the administration of 7 5 g. of potassium chloride by mouth. Four hours after this dose the cardiogram reverted to its previous state.
COMMENT Each of the three cases reported has a different response to a fall in the serum potassium as shown in the electrocardiogram. This is well seen at levels in the region of 12 mg. per 100 ml. In Case 1, S-T segment depression and T wave inversion occur. In Case 2, there is lowering of the (18-3 and 11[9 mg . per 100 ml. respectively).
In Case 3, when the serum potassium is lo.w, there is an abnormal increase in the amplitude of the P wave. This is in contrast to the flattening or disappearance of the P wave which is known to be associated with a high level of serum potassium. In none of the three cases is there lengthening of the Q-T interval with a fall in the serum potas- Electrocardiograms associated with low ser'um -4-potassium levels have been presented in reports on familial periodic paralysis (Stewart et al., 1940; Stoll and Nisnewitz, 1941; Gass et al., 1948; i Perelson and Cosby, 1949) , infantile diarrhoea - (Gamble et al., 1948) , intestinal obstruction , sprue (Engel et al., 1949) , renal insuffi---1 ciency (Brown et al., 1944; Tarail, 1948) (Thompson, 1939; Currens and White, 1944; Ernstene and Proudfit, 1949) , and -I I~A various conditions with a low potassium intake (Tarail, 1949 Lead V3 showing the change in the T wave and the U wave as the serum potassium falls. The T wave decreases in amplitude and eventually becomes inverted; at the same time the U wave increases in amplitude and width. At 10-3 mg. per 100 ml. the U wave simulates an upright T wave associated with a prolonged Q-T interval.
SUMMARY AND CONCLUSIONS
The abnormalities in the electrocardiogram associated with low serum potassium were studied in three cases. A different type of tracing was found in each case. The level of serum potassium at which abnormalities first appeared was determined in two of the cases.
On examination of the tracings of these cases and of those previously reported, it is found that a lowering of the serum potassium may result in changes in almost any part of the electrocardiogram. Decrease in the amplitude of the T wave is constant and may proceed to inversion. Depression of the S-T segment is frequent. Marked increase in the size of the U wave occurs in less than half of the cases. Lengthening of any part of the eleQtrical cycle may occur. High voltage of the P ,wave may be present occasionally.
The above abnormalities may be combined in various ways. In most cases, the resultant tracing has no characteristic form. In some cases it has an undulating outline produced by a depressed S-T segment, a low or inverted T wave, and a high and wide U wave. TbAis outline is,strongly suggestive of low serum potassium and may prove to be diagnostic. No one type of tracing was found to be constantly associated with any one causative disease or condition.
It is considered, contrary to most previous reports, that a prolongation of the Q-T interval is not commonly associated with a fall in the serum potassium.
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